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Energy dispersive x-ray microanalysis and transmis-
sion electron microscopy were used to study ultrastruc-
tural and chemical changes occurring in the keratino-
cytes at the primary irritant dinitrochlorobenzene 
(DNCB) reaction_ The results of the microanalysis 
showed a similarity between dose- and time-dependent 
effects of DNCB and were in accordance with the ultra-
structural findings. With increasing cell injury (as 
judged by the ultrastructure) there was an increasing 
loss of phosphorus, potassium, and magnesium from the 
cells and an increase of cellular calcium content. Sodium 
and chloride were only moderately changed. Results 
recorded when the skin was exposed to a weak DNCB 
dose were in accordance with a stimulation of the basal 
keratinocyte cell population. 
One of the problems in the analysis of pathologic conditions 
is to relate morphologic alterations to the function and viability 
of the cells under study. As seen in the electron microscope, 
cell injury and cell death are associated with ultrastructural 
changes [1]. The type and sequence of subcellular and cellular 
a lterations preceding cell death seems to be independent of the 
cause of the injury. Thus, if epidermis is exposed to different 
toxic or irritant substances such as chromium [2], dinitrochlo-
robenzene (DNCB) [3-5], croton oil [6,7], mercury chloride 
[8], acetone (9], alkali [10], and sodium Iaurylsulfate (11], the 
ultrastructural changes in the keratinocytes are of a similar 
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nature. Morphologic alterations occurring at cell injury could 
be considered to be the result of an impaired ability to maintain 
a normal cellular homeostasis. A disturbed homeostasis resul ts 
in a redistribution of elements and water across the membranes 
of cells and cell organelles [12]. Consequently, if t he cellular 
distribution of ions can be determined, information is obtained 
on the functional state of the cells. The development of energy-
dispersive x-ray microanalysis has provided an inst rument for 
such determinations. This technique allows both a qualitative 
and a quantitat ive analysis . With energy-dispersive x-ray mi-
croanalysis it has been shown that a number of pathologic 
conditions are associated with an ion redistribution. An intra-
cellular increase of sodium, chloride, and calcium and a decrease 
of potassium are seen in autolysis [13], ischemia (14,15], and 
hemorrhagic shock [15]. The significance of ion shifts in t he 
process of cell injury is not completely clear [16]. Several 
investigations show that cell injury and cell death are associated 
with an increase in the intracellular level of calcium [17-20]. 
In the present study DNCB-exposed guinea pig skin was used 
as a model system to describe the elemental and ultrastructural 
changes taking place in epidermal kerat inocytes during the 
development of an irritative reaction. Both t ime and dose 
dependence of the reactions were studied. 
MATERIALS AND METHODS 
Experimental System 
Male guinea pigs weighing 400 g were used. The flanks and the back 
were utilized for experiments. Biopsy sites were clipped with an electric 
clipper 24 h prior to biopsy in all experiments. Animals were killed by 
an i.p. injection of 90 mg pentobarbi ta l (Mebumal Vet.). 
Transmission Electron Microscopy 
Specimens were fixed with 2.5% glutaraldehyde in a 300 milliosmolar 
phosphate buffer (measured by freeze-point depression) at +4 ·c for 24 
h, pH 7.4, postfixed in 2% osmium tetroxide for 1 h in t he same buffer 
rinsed before and after postfixation in the phosphate buffer, dehydrated 
in a graded ethanol series starting at 70% ethanol , and embedded in 
Epon . Approximately 40 nm-thick sections were cut with a diamond 
knife on a LKB Ultrotome. Sections were stained wi t h uranyl acetate 
in water or ethanol or with uranyl acetate and lead cit rate and subse-
quently viewed in a Philips EM 301 Gat 60 kV. 
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X-Ray Microanalysis 
Specimens were frozen in Freon 13, subcooled with liquid nitrogen 
to -185"C. Thick (12-!Lm) cryosections were cut in a conventional 
cryostat at - 20" to -30"C, collected onto a carbon specimen holder, 
and freeze-dried overnight in the cryostat [21]. Microanalysis was 
performed with a Kevex energy-dispersive spectrometer in combination 
with a JEOL 100 C electron microscope with scanning attachment. 
The cryosections were viewed in the scanning (SEM) mode and ana-
lyzed at 20 kV. Identification of different cell layers was made easier 
by viewing the light microscope image of hematoxylin-eosin stained 
serial sections on a videoscreen positioned close the the image screen 
of the scanning attachment. A stationary spot was used for analysis. 
The spot size was less than 0.1 !Lm , but due to spreading of the electrons 
within the specimen, the analytic resolution is about 10 JLm. The 
elemental content of stratum germinativum and stratum spinosum was 
determined. In each stratum 4 spectra were recorded. The analysis 
comprised sodium, magnesium, phosphorus, sulfur, chloride, potassium, 
and calcium. Quantitative analysis was carried out by comparison of 
t he spectra from the specimens with those from standards consisting 
of various minera l salts in a matrix of 20% gelatin and 5% glycerol; 
this standard was frozen and sectioned in the same way as the skin 
biopsies. Methods for quantitative analysis of biologic thick specimens 
have been described elsewhere [22]. 
Test Substance 
Different concentrations of DNCB dissolved in acetone were used. 
A dose of 0.2 ml of the solutions was applied on an approximately 2 x 
2 em ski n area. 
DNCB Experiment J-
On each of 3 guinea pigs a 10% DNCB solution was apnF . 3, 6, and 
24 h before the animals were killed. Nonexposed skin se· ··c:, as control. 
DNCB Experiment II 
Solutions of 0.01 %, 0.10%, and 1.0% DNCB were applied on each of 
3 guinea pigs 24 b before they were killed. Nonexposed skin served as 
control. 
Autolysis 
After killing, 3 guinea pigs were kept at "1" ::.v C for 24 h. 
Normal Epidermis 
The controls in the DNCB experiments (n = 6) and skin from 3 
guinea pigs not exposed to DNCB (n = 3) were pooled (n = 9). 
In all experiments biopsies were taken and immediate ly divided and 
processed for microanalytic and electron microscopic analysis. 
Processing of the microanalytic data 
Student's t-test was used to compare the 2 epidermal strata in normal 
epidermis and to compare these with the autolysis. In each of the 
2 DNCB experiments a computer-based variance analysis was used 
(ANOV A, Statpac, Karolinska Institute). The variance with time (Exp 
I) or concentration (Exp II) was tested for each element. T he F-values 
are given in Tables II and III. As the experiments comprise only 3 
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animals in each set, the statistical analysis must be regarded as indic-
ative and not certain. However, from a cellular point of view, re lative 
changes in elemental content are more important than absolute 
changes. 
RESULTS 
Normal Epidermis 
The ultrastructure of the epidermis was in accordance with 
that previously described in the literature [23,24]. With the 
preparative technique used, keratinocytes had slender micro-
vill i and readily detectable intercellular spaces. Occasional 
basal keratinocytes had a more electron-dense cytoplasm and 
a more indented nucleus. The microanalysis showed a statisti-
cally significant difference between stratum germinativum and 
stratum spinosum regarding potassium and magnesium content 
(Table I, Normal epidermis). 
DNCB-10% for 3, 6, and 24 Hours 
At 3 h keratinocytes showed marked ultrastructural changes. 
The chromatin was condensed, cytoplasmic vacuoles were pres-
ent, cell membranes showed alterations with short and broad 
microvill i, and the intercellular space was decreased. Many 
keratinocytes in the basal layer had lost t heir desmosomal 
attachment due to disappearance of desmosomes or breakage 
of the cell protrusions close to the desmosome. In these kera-
tinocytes vesiculation and blebs occurred at the cell membrane 
(Fig lA). Mitochondria with a condensed inner compartment 
(Fig lB) or swollen, dilatated mitochondria were found, the 
condensed form being by far the most frequently seen. Com-
pared to normal, most basal keratinocytes still had a relatively 
electron-dense cytoplasm whereas the cells in the stratum 
spinosum appeared electron-translucent and edematous (Fig 
2). 
Focal epidermal-dermal separation at the basal lamina oc-
curred at 6 h (Fig 3). Basal keratinocytes had a more deterio-
rated ultrastructure with disordered, dispersed tonofilaments, 
swollen and dilatated mitochondria, cytoplasmic vacuoles, and 
loss of microvilli. Cytolytic alterations had advanced further at 
24 h with a complete epidermal-dermal separation and disin-
tegrating nuclei. The development of cellular changes was also 
evident in the microanalysis (Table II). Magnesium, phospho-
rus, and potassium were lost from the cells, calcium markedly 
increased with time, and sodium and chloride levels were only 
moderately increased in the cells. Changes in ion content were 
most pronounced in the interval of 3-6 h when marked altera-
tions in the ultrastructure also took place. 
DNCB-0.01 %, 0.1%, and 1.0% for 24 Hours 
Epidermis with small intercellular spaces was seen after 
exposure to the 0.01 % solution . Throughout the basal cell layer 
TABLE I. The elemental content (mmoljkg dry weight) in normal epidermis and in the autolytic epidermis 
St. germinativum 
St. spinosum 
t-tests 
n =9 
St. germinativum (n = 3) 
t-tests vs normal 
St. spinosum (n = 3) 
t-tests vs normal 
Na Mg P S Cl K 
152 ± 21 
153 ± 19 
NS 
141 ±50 
NS 
176 ± 50 
NS 
Normal Epidermis 
13 ± 3 
19 ± 3 
p < 0.05 
19 ± 3 
NS 
21 ± 14 
NS 
428 ± 17 
428 ± 19 
NS 
Autolysis 
414 ±50 
NS 
395 ± 56 
NS 
262 ± 19 
269 ± 16 
NS 
244 ± 35 
NS 
262 ± 41 
NS 
145 ± 11 
147 ± 16 
NS 
137 ± 15 
NS 
156 ± 20 
NS 
436 ± 14 
408 ± 9 
p < 0.05 
457 ± 9 
NS 
422 ± 16 
NS 
Ca 
8±2 
9±3 
NS 
0±9 
NS 
15 ± 12 
NS 
Means and SE are given; t-tests are performed between the two strata in normal epidermis and between the st. germinativum and st. spinosum 
of the autolytic skin and normal epidermis. 
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FIG 1. Epidermis exposed to 10% DNCB for 3 h.· A, Vesiculations· 
( +) and blebs (arrows) at t he cell membrane. K = keratinocytes, IS= 
intercellular space. B, Mitochondria (M) wit h condensed inner com-
partments. Bar = 0.5 11m. 
FIG 2. Epidermis exposed to 10% DNCB for 3 h. Note t he difference 
in electron density of t he basal keratinocytes (BK) and the suprabasal 
keratinocyte (SK). D =dermis. Bar= 111m. 
an increase of granular material in t he cytoplasm was found , 
probably both glycogen and ribosomes. The cells had normal-
sized mitochondria with loss of internal structure and occa-
sional cytoplasmic vacuoles. Compared to this, exposure to the 
0.10% solution resulted in increased electron density in the 
basal keratinocytes which also were more vacuolated, at places 
had smaller and markedly indented nuclei with condensed 
chromatin, had more lobulated cell membranes, and were sur-
rounded by widened intercellular spaces (Fig 4). There were 
also a few cells with clear, vacuolized cytoplasm. Areas with 
loss of desmosomal attachment were found. T he stratum spi-
nosum cells were clear, edematous, and contained vacuoles and 
dilatated mitochondria. The epidermis was not separated from 
t he dermis. 
After exposure to the 1% solution there was a complete 
separation of epidermis from dermis with cytolytic changes in 
t he keratinocytes, although not as marked as after exposure to 
t he 10% solut ion. 
Microanalysis showed (Table III) t hat the ion redistribution 
caused by 0.1 % and 1.0% DNCB was similar to that seen after 
10% DNCB. However, the result of t he 0.01 % solut ion deviated 
from this picture as magnesium, phosphorus, and sulfur were 
slightly and sodium clearly increased. These findings were most 
marked in t he stratum germinativum. 
Autolysis for 24 Hours 
Ultrastructurally, t he keratinocytes showed a pronounced 
cytolysis. However, microanalysis detected no statistically sig-
nificant differences in elemental content compared to normal 
(Table I, Autolysis). 
DISCUSSION 
Irritant contact reactions represent a major problem in der-
matologic practice. For a better understanding of these reac-
tions information is needed on t he cellular and subcellular 
events in the keratinocytes. The combination of x-ray microan-
alysis and t ransmission electron microscopy could allow a cor-
relation of ult rastructural findings with the functional state of 
the cells. 
In x-ray microanalysis spatial resolution within a specimen 
is determined by the section thickness [25]. A section t hickness 
of 12 J.Lm gives a spatial resolution at t he cellular level. Produc-
tion of such sections can be practically handled at a larger 
experimental scale and the resolution obtained is suffic ient for 
analysis of several pathologic problems [22]. In guinea pig 
epidermis, t he stratum germinativum consists of only one cell 
layer. The resolution in our thick specimens was good enough 
to detect the difference in potassium and magnesium content 
of stratum germinativum and stratum spinosum of normal 
guinea pig epidermis previously described in thin sections 
(26] . Some overlap in the analysis of t he stratum germinativum 
and the stratum spinosum can, however, not be excluded. 
FIG 3. Epidermis exposed to 10% DNCB for 6 h. Area with foca l 
separation between dermis and epidermis (FS). BK =basal keratino-
cyte, D = dermis, arrows = basal lamina. Bar= 11<m. 
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TABLE II. Elemental content (mmol/kg dry weight) in epidermis treated with 10% DNCB for different time intervals 
Element Control 3 Hours 6 Hours 24 Hours F-value (F,,.,_,, = 4.72) 
Na: 
G 160 ± 57 147 ± 44 179 ± 39 185 ± 27 0.82 
8 178 ±52 162 ±59 192 ±50 173 ± 26 N8 
G+8 169 ±55 154 ±52 188 ± 44 179 ± 26 
Mg: 
G 20 ± 5 21 ± 8 15 ± 5 13 ± 5 3.90 
8 30 ± 1 28 ± 4 18 ± 6 16 ± 4 N8 
G+S 25 ± 3 25 ± 6 15 ± 6 15 ± 5 
P: 
G 468 ± 10 403 ±55 263 ± 31 224 ± 29 7.10 
s 428 ± 13 382 ± 72 252 ± 47 183 ± 26 p < 0.05 
G+S 448 ± 6 393 ± 61 267 ± 38 204 ± 28 
S: 
G 279 ± 30 269 ± 15 249 ± 14 255 ± 16 2.20 
8 258 ± 14 264 ± 6 247 ± 12 231 ± 7 NS 
G+S 267 ± 23 267 ± 5 243 ± 16 243 ± 9 
Cl: 
G 170 ± 25 161 ± 22 189 ± 5 192 ± 16 0.70 
8 188 ± 38 167 ± 28 198 ± 8 184 ± 21 N8 
G+S 179 ± 32 164 ± 25 190 ± 8 189 ± 15 
K: 
G 451 ± 18 396 ± 21 197 ± 27 156 ± 12 57.2511 
s 409 ± 15 360 ± 18 222 ± 17 143 ± 4 p < 0.05 
G+8 430 ± 16 378 ± 19 205 ± 15 150 ± 8 
Ca: 
G 4±2 11 ± 1 15 ± 2 25 ± 8 5.69 
8 6±3 9±4 17 ± 6 31 ± 8 p < 0.05 
G+8 5±3 10 ± 2 17 ± 4 28 ± 7 
Means, SE, and the F-values for the variance with time are given. G = st. germinativum, S = st. spinosum, G+S = the means of the two 
strata. 
FIG 4. Epidermis exposed to 0.1% DNCB for 24 h. Intercellular 
space (IS) is wider, cell membranes are lobulated, and cell nuclei 
indented (N). D = dermis, K = keratinocytes, LC = Langerhans cell. 
Bar= 1 J.Lm. 
Within a few minutes after epicutaneous application, DNCB 
is found in the keratinocytes throughout the epidermis with 
preferential cytoplasmic localization [27,28]. DNCB is known 
to bind to amino acids forming dinitrophenol compounds [29] 
and it produces a nonspecific inhibition of enzyme activity in 
epidermis (30]. It can be assumed that DNCB interferes both 
with cellular metabolism and with cell membrane structures. 
In Exp I a high DNCB dose (10%) was used to produce an 
acute cell death and to allow a study of the time sequence of 
changes. In Exp II concentrations of DNCB assumed to be 
nontoxic (0.01 %), toxic (1 %), and of an intermediate strength 
(0.1 %) [31 ] were applied for 24 h to study the dose effects. 
Three hours after exposure to the 10% solution, keratinocytes 
displayed an ultrastructure compatible with that described for 
other cell systems when the cells are close to an irreversible 
cell injury [1]. With increasing cell injury (as judged from the 
ultrastructure) elemental changes occurred. The loss of phos-
phorus might be enhanced by an increase of free, diffusable 
phosphate groups due to the dissociation of ATP (1] and the 
decrease of phospholipids occurring at cell injury [32]. Potas-
sium and magnesium are associated with intracellular phos-
phate groups and the loss of phosphate is balanced by a con-
comitant loss of these cations. The increase in keratinocyte 
calcium content is in accordance with the concept of an increase 
in cellular calcium as the common final pathway in cell death 
[18-20] . Among other things calcium activates phospholipases, 
thus increasing phospholipid catabolism and causing mem-
brane alterations [32], and calcium also affects cell cohesion 
[20,33]. At cell injury the intracellular sodium level is expected 
to rise. However, the degree of this change is dependent on the 
number of ions available in the fluid surrounding the cells. This 
is discussed below. Sodium is balanced by chloride and the 
levels of these ions are related in both our experiments. 
Both the result of the microanalysis and the ultrastructure 
of the specimens exposed to the 0.01 % solution are in accord-
ance with a stimulated epidermal cell population. It is known 
that a sublethal stimulus of dinithrophenol compounds induces 
a hyperplastic growth in epidermis [34]. If epidermis is stimu-
lated to hyperplasia, an accumulation of ribosomes and an 
increase in keratinocyte volume occur [35] . Under conditions 
involving an increased cell production, an elevation of sodium, 
phosphorus, sulfur, and potassium levels is reported to take 
place [36,37] . An increased sulfur content may be linked to a 
stimulated keratin synthesis. The source of the increase in 
phosphorus content is not known, but it coincides well with 
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TABLE III. Elemental content (m.m.ol/hg dry weight) in epidermis treated with different concentrations of DNCB for 24 hours 
Element Control 0.01% 0.10% 1.0% 
F-value (Fa,6o0.95 = 4.72) 
Na: 
G 125 ± 34 171 ± 26 144 ± 35 182 ± 42 0.65 
s 137 ± 18 200 ± 23 150 ± 29 137 ± 26 NS 
G+S 131 ± 26 185 ± 5 147 ± 29 159 ± 27 
Mg: 
G 10 ± 4 13 ± 2 8±2 6±3 2.84 
s 15 ± 5 14 ± 1 10 ± 2 4±2 NS 
G+S 12 ± 3 13 ± 1 9 ± 1 5±2 
P: 
G 380 ± 38 450 ± 34 316 ± 24 190 ± 47 6.74 
s 392 ± 36 350 ± 16 302 ± 15 157 ± 43 p < 0.05 
G+S 386 ± 37 400 ± 10 309 ± 19 173 ± 45 
S: 
G 242 ± 26 272 ± 18 222 ± 20 225 ± 6 2.79 
s 251 ± 18 256 ± 43 205 ± 3 221 ± 23 NS 
G+S 247 ± 20 264 ±50 213 ± 11 223 ± 10 
Cl: 
G 132 ± 14 173 ± 17 211 ±57 192 ± 12 1.50 
s 126 ± 8 164 ± 25 223 ± 86 214 ± 19 NS 
G+S 129 ± 10 169 ± 21 217 ± 77 203 ± 13 
K: 
G 460 ± 25 435 ± 23 298 ±53 282 ± 30 2.48 
s 414 ± 16 394 ± 40 311 ± 77 307 ± 46 NS 
G+S 437 ± 18 415 ± 18 304 ± 65 294 ± 36 
Ca: 
G 4±4 7±4 12 ± 3 16 ± 2 4.83 
s 4±4 6±4 11 ± 7 17 ± 5 p < 0.05 
G+S 4±4 6±4 11 ± 4 17 ± 3 
Means, SE, and the F-values for the variance with increasing concentration are given. G = st. germi nativum, S = st. spinosum, G+S = the 
means of the two strata. 
the reported increase in phospholipid synthesis taking place in 
stratum germinativum at mild irritant reactions [38]. This 
might represent an augmented membrane synthesis in the 
stimulated cell population. 
Ultrastructurally, some of the basal keratinocytes in the 
specimens exposed to the 0.1 % solution appeared shrunken. 
The cellular volume is related to the total cation content of the 
cells [12] . If a substance interferes with the sodium-potassium 
pump or its energy supply leaving the cell membrane permea-
bility intact, compensation for the leak flux of sodium and 
potassium will not take place. If cellular metabolism is inhib-
ited, the efflux of potassium increases while the sodium flux is 
unaffected [12]. This leads to a net loss of cations and the cells 
shrink. When the injury includes the cell membrane permea-
bility, the influx of sodium increases and the cells swell. In our 
specimens exposed to the 0.1% solution a marked decrease of 
cations was seen in stratum germinativum compared to epider-
mis exposed to the 0.01% solution. This was also found in skin 
exposed to 1.0% and 10% DNCB for 6 and 24 h. However, in 
these specimens marked morphologic alterations of the cell 
membrane had taken place, indicating an affected cell mem-
brane permeability. 
Ion redistribution under pathologic conditions will depend 
on the volume of the intercellular space surrounding the cells, 
the vascularization, and the rate of diffusion into and out of 
the tissue compartment. Epidermis is dependent on diffusion 
from the dermis for the exchange of substances. Although the 
ultrastructure showed marked cytolysis in the autolytic epider-
mis, only minor changes in ion distribution were detected at 
the cellular level. However, in the DNCB experiments the 
vascular supply of dermis was intact and the diffusion in dermis 
was probably increased due to the inflammatory response 
caused by DNCB. 
In conclusion, both dose- and time-dependent changes in tile 
irritant reaction were detected with x-ray microanalysis and 
electron microscopy. There was a good agreement between the 
ultrastructural appearance of epidermis and the degree of ion 
redistribution. 
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Lymphocyte Function and Chromosome Aberrations in Patients with 
Early Mycosis Fungoides and Parapsoriasis en Plaques 
OLE J. CLEMMENSEN , M.D., KLAUS BENDTZEN, M.D., VAGN ANDERSEN, M.D., HANS C. WULF, M.D., 
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Thirteen patients with stage I or II mycosis fungoides 
(MF) and 10 patients with large-plaque parapsoriasis en 
plaques (PEP) were examined for immunologic and cy-
togenetic disturbances. Total lymphocyte counts and im-
munoglobulin concentrations in the blood were normal. 
In vitro lymphocyte responses to polyclonal activators 
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Abbreviations: 
ConA: concanavalin A 
ILMAT: indirect leukocyte migration agarose technique 
LIF: leukocyte migration inhibi tory factor 
and various antigens in standard concentrations were 
normal. However, titration of phytohemagglutinin and 
concanavalin A (ConA) disclosed significantly lowered 
responses to suboptimal concentrations in the patient 
group, most pronounced in patients with MF II. ConA-
induced leukocyte migration inhibitory factor (LIF) pro-
duction, tested in an indirect leukocyte migration inhib-
LPA: lymphocyte proliferation assay 
MF: mycosis fungoides 
MI: migration index 
PEP: parapsoriasis en plaques 
PHA: phytohemagglutinin-P 
PPD: purified protein derivative of tuberculin 
PWM: pokeweed mitogen 
SCE: sister chromatid exchange 
